Introduction
The field of oncology has changed immensely since the advent of immune checkpoint inhibitors (ICIs). Cancers, such as advanced melanoma, previously carried a prognosis of 8-10 months, now patients have a chance at remission [1] . In certain patient populations with advanced non-small cell lung cancer (NSCLC), ICIs are improving outcomes and becoming the standard of care [2] . The potency of these immunotherapy agents is due to their ability to disinhibit the body's immune response and unleash a vigorous antitumor response. Like any medication, these agents have associated side effects and due to their mechanism of action, they are associated with a broad range of auto-immune related adverse events (IRAEs). Some classes of ICIs can cause low grade adverse events in 64-80% of patients [3] . The most common IRAE's seen with ICIs include fatigue, musculoskeletal pain, pruritus, nausea, vomiting, and diarrhea [4] . While most low grade toxicities are not severe and typically reversible, less frequent but more severe adverse events do occur. Recently in the literature case reports of ICI related cardiotoxicity have emerged. This review article will discuss incidence of cardiac events with ICIs and the clinical management of these events should they arise.
Immune checkpoint inhibitors
ICIs target two receptors involved in the regulation of T cell signaling and immune response, cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein-1 (PD-1) [5, 6] . These receptors function to attenuate the immune Chronicles of Oncology response and up regulate apoptosis of cytotoxic T cells. Cancer cells possess the uncanny ability to increase inhibitory signals to the host immune system through CTLA-4 and PD-1, thereby evading destruction by T cells. In 1995, a research team led by James Allison observed that a CTLA-4 blockade caused tumor necrosis in mice [7] . This discovery lead to the development of ipilimumab, a monoclonal antibody targeting CTLA-4 which is currently approved for treatment of advanced melanoma [8] . Subsequent research led to the development of monoclonal antibodies targeting PD-1 and its ligand, PD-L1. These ICIs have gained approval for a broad spectrum of malignancies (see table 1), and new treatment strategies are currently being developed including those that combine ICIs to improve treatment efficacy.
The first group of patients to demonstrate improved survival with ICI therapy were advanced melanoma patients treated with ipilimumab [8] . Advanced melanoma with traditional therapy has a median survival of 8-10 months, trials with ipilimumab have demonstrated 3-year survival rates of 22% [1] . Combining ipilimumab with nivolumab in this patient population has yielded even more impressive 3-year survival rates of 67% [11] . We are still in the infancy of ICI based therapy, so it is likely that we are only scratching the surface of their therapeutic potential.
Immune related cardiotoxicity
Due to the widespread effects of ICIs on the immune system, almost any organ is a potential target for adverse events. The most common IRAEs include colitis, hepatitis, rash, and endocrinopathies [12] . The implications of ICIs on the cardiovascular system are yet to be fully understood due to the relative rarity, lack of screening in clinical trials, and variable presentation of single case reports in the literature. The incidence of cardiotoxicity using a database of 20,594 patients treated with nivolumab, or nivolumab plus ipilimumab reported .06% in monotherapy and .27% with combination therapy. However, due to lack of baseline EKGs and cardiac enzymes this is likely an under representation, and the potentially life-threatening consequences of these events have warranted more attention [13] .
Johnson et al detailed two cases of fatal myocarditis and myositis in patients with melanoma being treated with combination ipilimumab and nivolumab. Postmortem pathologic analysis showed lymphocytic infiltrate in striated cardiac and skeletal muscle, and tumor tissue. Furthermore, the T cell receptor sequencing showed clonal expansion, suggesting there may be a shared antigen such as desmin or troponin that is triggering the T-cell-mediated autoimmune attack [13] .
The types of cardiotoxicities described in case reports include myocarditis, myocardial fibrosis, cardiac arrest, heart failure including takosubo's cardiomyopathy, and conduction abnormalities [3, 14, 15] . Heinzerling et al. produced a multicenter case series of eight patients deemed likely to have experienced immune therapy-associated cardiotoxicity. Of these, 5 out of 8 patients had preexisting cardiac disease, although all were free of symptoms at time of therapy initiation and some stable for decades [3] . This raises the question of whether patients with previous cardiac disease should have increased screening prior to and throughout therapy. Reasonable suggestions include baseline EKG and cardiac enzymes prior to therapy. An echocardiogram may be useful as well, depending on the patient's risk factors and clinician's judgment [16] .
Clinical considerations and management
Wang et al. has detailed an algorithm for management of both symptomatic and asymptomatic elevation of troponins during ICI therapy. For a significant troponin elevation in an asymptomatic patient, confirmation should be made with repeat assay followed by holding immunotherapy for 2 weeks. If normalization has occurred at this time, therapy can be restarted. If normalization does not occur after 2 weeks, a cardiology consult should be considered. For patients presenting with symptoms such as dyspnea, peripheral edema, chest pain, or palpitations with abnormal EKG and or cardiac enzymes, immunotherapy should be stopped and patient admitted to the hospital for further work up. Diagnosis can be made with cardiac MRI or myocardial biopsy [17] .
The most important step in the management for ICI related myocarditis is rapid initiation of high dose glucocorticoids. Symptomatic management with diuretics may be used appropriately. If the patient is not improving, additional immunosuppressive agents may be required such as calcineurin inhibitors, cyclophosphamide, mycophenolate, and anti-thymocyte globulin [17] .
With the proven mortality benefit of ICI agents for various malignancies, an important question clinicians are faced with is the safety of restarting immunotherapy following an IRAE. Some data suggests that IRAEs are associated with improved efficacy of the therapy, whereas this must be weighed against the risk for life threatening toxicities to develop. In general, the occurrence of an immune related adverse event, even requiring treatment with glucocorticoids, is not a contraindication for restarting immunotherapy. However, this does warrant heightened surveillance for recurrence and new toxicities during therapy. However, if a patient develops a high-grade life threatening toxicity, such as fulminant myocarditis, this is a contraindication to restarting therapy [12] .
Notably, a recent case report describes a patient who was treated for ICI related myocarditis, but recurred shortly after reinitiating ICI therapy. This was a case of a 72-year-old male with prior comorbidities and extensive metastatic melanoma being treated with combination nivolumab and ipilimumab. After 4 infusions of combination ICI therapy the patient began to develop low grade IRAEs including autoimmune hyperthyroidism and autoimmune hypophysitis that were treated appropriately. After the 10 th nivolumab infusion the patient presented with dyspnea, edema, and weight gain. Echocardiogram showed reduced EF of 15% from baseline 48-50%. With other etiologies ruled out, a cardiac biopsy confirmed autoimmune myocarditis, showing interstitial fibrosis and inflammatory infiltration with the absence of FOXP3 positive cells. Prednisolone and diuretic therapy were initiated and the patient improved, with EF reaching 35-40%. At this time, restaging showed progressive disease, and the decision was made to restart single anti PD1 therapy (pembrolizumab) with close cardiac monitoring. After 2 weeks of therapy the patient developed dyspnea with minimal exertion, weight gain, and leg edema. He was treated again with steroids and diuretics and ICI was permanently stopped. The patient expired 2 months later following cardiac arrest [18] .
Conclusion
Cardiotoxicity is an important complication of ICI therapy, and although quite rare, when it does occur it commonly proves fatal for the patient. Our literature highlights cases occurring with both anti-CTLA-4 and anti-PD-1 agents, as well as those receiving monotherapy and combination therapy. With a growing number of approved indications as well as an ever-expanding number of clinical trials, it is not surprising that some of the rarer adverse effects of ICIs have been unmasked. As the population of patients on ICIs continues to grow it only increases the need for provider awareness of ICI related cardiotoxicity, which will lead to early recognition and appropriate clinical management. Clinicians should be suspicious of any patient receiving ICI therapy displaying dyspnea, peripheral edema, chest pain, or palpitations with abnormal EKG and or cardiac enzymes; in these patients we support the treatment algorithm outlined by Wang et al. Hopefully further collaboration between cardiologists, oncologists, and researchers can lead to better strategies to prevent ICI induced cardiotoxicity as well as strategies to predict which patients are at increased risk by developing biomarkers and testing for genetic susceptibility. 
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